The study of the N400 event-related brain potential has provided fundamental insights into the nature of real-time comprehension processes, and its amplitude is modulated by a wide variety of stimulus and context factors. It is generally thought to reflect the difficulty of semantic access, but formulating a precise characterization of this process has proved difficult. Laszlo and colleagues (Laszlo & Plaut, 2012; Laszlo & Armstrong, 2014) used physiologically constrained neural networks to model the N400 as transient over-activation within semantic representations, arising as a consequence of the distribution of excitation and inhibition within and between cortical areas. The current work extends this approach to successfully model effects on both N400 amplitudes and behavior of word frequency, semantic richness, repetition, semantic and associative priming, and orthographic neighborhood size. The account is argued to be preferable to one based on ''implicit semantic prediction error" (Rabovsky & McRae, 2014) for a number of reasons, the most fundamental of which is that the current model actually produces N400-like waveforms in its real-time activation dynamics.
Introduction
The N400 is a negative deflection in event-related brain potentials (ERPs) that occurs approximately 400 ms post-stimulus onset in response to a wide range of meaningful or potentially meaningful stimuli, including written and spoken words and pseudowords, and drawings, photos and videos of objects and actions (for reviews, see Federmeier & Laszlo, 2009; Kutas & Federmeier, 2009 , 2011 . It was originally identified as a response to semantically anomalous sentence endings (e.g., ''I take coffee with cream and dog"; Kutas & Hillyard, 1980) but, over the years, has been shown to be sensitive to a wide variety of stimulus and context manipulations, including cloze probability (the number of possible sentence endings), sentence and discourse congruity, repetition, semantic priming, lexical association, concreteness and semantic richness, word frequency, orthographic neighborhood size, and many more. On the other hand, N400 amplitude is relatively insensitive to manipulations that broadly preserve meaning, including physical changes (e.g., in font or case) and syntactic violations (e.g., in number agreement). Understanding the N400 is important because it offers a real-time measure linking underlying neural mechanisms to behavior that has provided fundamental insights into core issues in the study of cognitive and neural processing, including the immediacy and incrementality of comprehension, the integration of bottom-up and top-down sources of information, the organization and dynamics of semantic memory, and the bases for variability and atypicality in performance across individuals and in special populations (Kutas & Federmeier, 2011) .
The wide range of factors that modulate the N400 is, unfortunately, matched by an equally wide range of theoretical accounts of the phenomena. One proposal is that the N400 reflects postlexical semantic integration or unification, linking semantic information from a current word with meaningful information from previous words and context (Brown & Hagoort, 1993; Hagoort, Baggio, & Willems, 2009 ). This broad theory accounts for the N400's largely meaning-specific modulation, but fails to account for many of its subtleties. For instance, it is unclear why an N400 is generated by words in isolation, or even by pseudowords (Deacon, Dynowska, Ritter, & Grose-Fifver, 2009; Laszlo & Federmeier, 2007 , 2011 , and why its amplitude is modulated by form-based properties such as orthographic neighborhood size (Laszlo & Federmeier, 2009 
